We have identi®ed chick frizzled (Fz)-10, encoding a Wnt receptor, and examined the expression pattern during embryogenesis. Fz-10 is expressed in the region posterior to the Hensen's node at stage 6. Fz-10 expression is detected in the dorsal domain of the neural tube and the central nervous system of the developing embryo. In the developing limb, Fz-10 expression starts at stage 18 in the posterior±dorsal region of the distal mesenchyme, and gradually expands to the anterior±distal region. Fz-10 is also expressed in the feather bud and branchial arch. Implantation of Sonic hedgehog (Shh)-expressing cells into the anterior margin of the limb bud resulted in the induction of Fz-10 expression in anterior-dorsal mesenchyme. q
Results and discussion

Chick frizzled-10
We have cloned the entire coding sequence of chick Fz-10, a member of the Wnt receptor family. The deduced amino acid sequence of Fz-10 indicates an amino-terminal signal peptide sequence followed by a cysteine-rich extracellular domain, seven transmembrane domains, and a carboxyl-terminal intracellular domain (Fig. 1) . The intracellular domain contains a TCV sequence at the carboxylterminal end which is conserved in many, but not all, Fz members (Wang et al., 1996) . All of these features are characteristic of the Fz family. The amino acid sequence of chick Fz-10 showed 85% identity to that of human Fz-10 (Koike et al., 1999) .
Expression pattern of Fz-10 during embryogenesis
Fz-10 is ®rst expressed in the mesodermal region posterior to the Hensen's node at stage 6 ( Fig. 2A) . At stage 9, Fz-10 is expressed additionally (Fig. 2B) . The expression in the neural tube extends to the anterior region as the embryo develops (Fig. 2B) , and is observed in the forebrain region at stage 11 (data not shown). The expression in the central nervous system gradually intensi®es (Fig. 2C) . Fz-10 expression in the neural tube is restricted dorsally at stage 18 and later (Fig. 2D) .
In the developing limb, Fz-10 expression begins at stage 18 in the posterior region of limb mesenchyme (Fig. 2E ). At stage 21, the mesenchymal expression becomes intense and is restricted to the dorsal±posterior region (Fig. 2F ,G,H). In the limb ectoderm, Fz-10 is restricted to the dorsal ectoderm, but not to the apical ectodermal ridge (AER) or the ventral ectoderm (Fig. 2H,I ). At stages 23±26, however, mesenchymal expression gradually extends to the distal and anterior regions, while dorsal mesenchymal expression remains in the proximal limb bud (Fig. 2J,K) . Fz-10 transcripts became detectable in both dorsal and ventral mesenchyme of the distal limb bud (Fig. 2L) . At stages 28 and later, distal Fz-10 expression is detected in the peripheral region and is not restricted to the dorsal region (Fig.  2K,L) . Fz-10 is also expressed in feather buds in a stripelike pattern (Fig. 2M) . Another major site of expression is the branchial arch, where Fz-10 expression is detected in the inferior border of the hyoid arch (Fig. 2N ).
Induction of Fz-10 expression by Sonic Hedgehog in the developing limb bud
Fz-10 expression is observed in the limb bud, branchial arch, and feather bud, all regions where Shh is thought to have an essential role in epithelial±mesenchymal interaction (Riddle et al., 1993; Wall and Hogan, 1995; Helms et al., 1997) . Therefore, we investigated whether Fz-10 expression correlates with Shh expression, by implanting Shh-expres- sing cells to the anterior margin of the developing limb bud. Twenty-four hours after implantation, the induced Fz-10 expression was clearly detectable in the region distal to the grafted cells (Fig. 3C ) (n 16 out of 18 embryos), and restricted to the dorsal domain (Fig. 3D) . A control experiment using alkaline phosphatase-expressing cells did not result in any change in Fz-10 expression pattern (Fig. 3B ) (n 0 out of six embryos). The results show that both Shh and signals from the dorsal ectoderm are required for induction of Fz-10 expression in the limb bud. Co-localization of Fz-10 and Shh signals is observed in the tissues where Shh is essential for epithelial±mesench-ymal interaction, but not in the neural tube.
Experimental procedures
Cloning of chick Fz-10
Total RNA isolation from 4-day chick embryos, reverse transcription of the total RNA and PCR ampli®cation of the cDNA were carried out as described previously . Degenerate primers corresponding to the following amino acid sequences were used. For the ®rst round PCR, a sense primer, A(A/G)LE(V/M)HQF and an antisense primer, KWGHEAI were used. For the second round PCR, a sense primer, YPER(P/A)(I/M) and an antisense primer, WWVIL(S/T) were used. The ampli®ed DNA was cloned into pCR-Script SK(1) (Stratagene, La Jolla, CA) and identi®ed by nucleotide sequencing. To obtain the entire coding sequence, chick limb bud cDNA libraries (kindly provided by Dr. S. Mackem) and a chick genomic library (Stratagene) were screened by hybridization. Rapid ampli®cation of cDNA ends was also performed for both 5 H and 3 H -ends as described previously (Nohno et al., 1997) .
In situ hybridization and operation
Chick embryos were staged according to Hamburger and Hamilton (1951) . Whole-mount in situ hybridization was carried out as described previously (Wilkinson, 1992) using a plasmid carrying a 490 bp insert corresponding to a portion of the extracellular domain and the ®rst and second transmembrane domains. Hybridized embryos were sectioned either using a Vibratome (50 mm thickness) or after paraf®n embedding (10 mm thickness), and examined for the presence of expression signals. Section hybridization was also carried out to con®rm the expression signals.
Ectopic expression of Shh in the anterior margin of stages 20±21 limb buds was carried out as described (Kawakami et al., 1996; Wada et al., 1999) . As a control experiment, we used the alkaline phosphatase gene instead of Shh. The embryos were incubated for desired time and processed for in situ hybridization. 
